Results of the isothermal DLTS, photoconductivity, and photo-Hall measurements, showed that the sulphur-related center in GaSb, being a DX-type defect, has two charge states.
Such anomalous effects as metastability and persistent photoconductivity at temperatures below 80 K were found for sulphur in GaSb already in the early seventies [1] . Dmowski et al. [2] gave the explanation for this peculiar behavior based on a large lattice relaxation model. Experimental data in the present work allow to reexamine the previous models and consider the sulphur defect as belonging to the socalled DX centres which, according to recent experimental [3] and theoretical [4] indications, appear to have two charge states and form a negative-U system [5] . The isothermal capacitance transients, photocurrent response and photoionization process were measured on S-doped MBE-grown GaSb-samples with in situ deposited Al-Schottky contacts. The concentration of electrically active sulphur center in the sample was 5 x 10 17 cm 3 , more than an order of magnitude larger than the residual acceptor concentration [5] .
As the parameters describing the thermal emission process for the DX centers in binary semiconductors are not broadened due to alloy fluctuations the analysis of the transients could be made in a straightforward way. All of the transients could be decomposed with great accuracy into a sum of two monoexponentials:
with comparable amplitudes N1 , Ν2 which indicates the existence of two energy levels of the defect. The Arrhenius plot of the emission rates e1 and e 2 inferred from the fitting is shown in Fig. 1 . Standard DLTS experiments were not able to resolve both emission rates because their temperature dependencies are very similar (small difference in thermal emission energies) -the resulting peak was simply broadened. The capture cross-section of the two energy states differ almost by two orders of magnitude suggesting that the states have different charges.
These observations were confirmed by a careful analysis of the amplitudes of the transients as a function of the filling pulse width (Fig. 2) . The experimental points were fitted assuming trapping kinetics inferred from the rate equations for an initially empty two-electron center. Only two fitting parameters were used: c1 and c2 -the capture rates attributed to the single and double charged states, respectively. It can be clearly seen that at lower temperature one of the charge states becomes thermodynamically unstable (curve Ν1(till)), though it can bind an electron for a certain period of time. It suggests that the energy state denoted by 1 is an intermediate state for the capture process.
Temperature dependence of the ratio c1/c2 revealed that the capture barrier (if any) for the state with a larger capture cross-section is about 60 meV smaller than the other one. Consequently, the already observed metastability effects seem to be a feature of the doubly charged center rather than of the singly one.
The results of the photocapacitance experiments confirm the metastable nature of the center. After the photocapacitance transient was recorded only a relatively small and fast recapture could be observed, thus, the initial and final states of the sample seem to be nonequivalent. The initial conditions could be reestablished only through heating the sample up to a high temperature ( ≈ 3 0 0 K ) .
When the occupancy equilibrium between two sulphur states and the conduction band was disturbed by turning the light on and off overshoots in conductivity were observed; i.e. when the light was switched on, the relatively fast rise of the photocurrent was followed by a decrease to a value slightly larger than the dark current. Photo-Hall measurements have shown that the equilibrium free electron concentration drops below its 'dark, value but the mobility rises suggesting that the charge state of the centers responsible for the photocurrent changes. This overshoot-behavior is characteristic for a very strong compensation regime which, in our case, is possible only when the ground state of sulphur is an acceptor.
A variety of phenomenological models (e.g. strong compensation due to native acceptors, double donor, a single charged center with a long lived excited state) were considered in order to explain the data measured. But only the assumption of two charge states and negative-U character of the sulphur center in GaSb yields the consistent explanation of all experimental facts mentioned above. Detailed analysis of the equilibrium occupancy as a function of the temperature also confirms this hypothesis. However, the large entropy factor of both energy states cannot be explained without a convincing microscopic model of the formation of a negative-U system in this case.
